isolated a bacteriophage that contained ribonucleic acid (RNA) as its genetic material. This was a significant biological find, since previous to this time only deoxyribonucleic acid (DNA) bacteriophages had been isolated and characterized.
Aside from the unique feature of containing RNA for genetic material, the E. coli RNA phages had a second feature which, before 1961, had not been described. The~. coli RNA bacteriophages were found to infect only cultures containing Hfr and y+ genetic donor cells (8) . Thus, they exhibited strain specificity.
Electron micrographs by Crawford and Gestland (9) helped to explain how Hfr and y+ cells were infected by RNA bacteriophage R17.
This phage had an affinity for the sex pili of E. coli donor cells, but no apparent affinity for the pili of nondonor cells. In conjugating mixtures of Hfr and F-cells, the phage were laterally alined along the F pilus of only one of the mating partners. The F pilus is under the genetic control of the F episome in~. coli donor strains (8) .
In 1963 Feary, Fisher and Fisher (14) isolated an RNA bacteriophage, 7s, from a multilysogenic strain of Pseudomonas aeruginosa strain 7. Bacteriophage 7s was found in the supernatent of overnight broth cultures of Pseudomonas 'aeruginosa strain 7. This implied that phage 7s was associated with strain 7 in a lysogenic state. Further evidence for some type of a carrier state was provided by the immunity of Pseudomonas aeruginosa strain 7 to phage 7s infection. Also, phage 7s
was associatea with strain 7 in two year old lyophilized preparations.
Several strains of Pseudomonas aeruginosa were sensitive to phage 7s with strain 1 being the most sensitive. Pseudomonas aeruginosa strain 1 also supported the production of RNA bacteriophage PP7, which was isolated from sewage. The two phages'were shown by Bradley (3) to be related serologically by their cross sensitivity to the two respective antisera.
Electron micrographs (3, 18) show that in the infection of Pseudomonas aeruginosa, the bacteriophages PP7 and 7s also use the pilus as an attachment organelle. In this case the attachment appears to occur only on the polar pili.
If the host-phage complex of Pseudomonas aeruginosa strain 1 and phage PP7 were similar to the E. coli system, one would expect PP7 and 7s to be donor specific. But Bradley (3) found that phage PP7 wasequally infective for both pp+ donor and FP-nondonor cells of Pseudomonas aeruginosa.
The RNA bacteriophage study presented in this thesis is concerned with the requirement for a divalent cation for infection, since virus infection generally requires a divalent cation, either for adsorption onto the host cell or for injection of nucleic acid into the host cell.
The adsorption of virus to cell was investigated by Puck and Garen (25) . Their data were obtained from adsorption experiments with mono and divalent ions.
The DNA bacteriophage T l' would -not· adsorb to hos t E. coli when distilled water was the adsorption medium. There'-was adsorption when the phage-host mixture was put into a buffered solution containing The conditions of this'RNase sensitivity in the presence of E.
coli has been a subject for extracellular infection studies. When free E. ~ pili were mixed with ~hage f2 to form a pili-phage complex the viability of the phage w~ not affected by the addition of RNase. Also, there waS no effect on'free phage in the presenc~ of RNAase. .
The only known case where infective phage f2 was included in a preparation of piliated E •. coli cells and where 'no RNAase sensitivity ---"
,;
was observed, was when, the mixture. was held at a temperature of 0 C.
'When the temperatureof.,E. coli-phage f2 complex"was raised to 37 C,
--- with the mUltiplicity of infection was seen even above the maximum level of phage penetration.
, .
From the above data, it appeared; that the five minute interval of RNA phage infection was detected by observing sensitivity to RNAase, temperature dependence and the necess'i ty for cellular energy.
In this five minute period the coat was sep,arated from the ribonucleic acid after which the coat was eluted into the medium. Phage £2 adsorbed to the side of the E. coli F ,p;lus, whereas f1 fila-
mentous DNA bacteriophage adsorbed to the, tip of the pilus (27) . In an E. coli culture infected with both the RNA phag~ f2 and 32p labeled DNA phage f1, only the unlabeled phage f2 produced infective centers.
Both RNA and DNA phages adsorbed to the pilus therefore the reason that DNA phage d~d not infect was not due to its inability to adsorb. This evidence was interpreted to mean that the lu.men of the pili was blocked to the DNA of bacteriophage fl.
The hypothesis of a retractable pilus was proposed as the second model of nucleic acid transport. The Retraction Model suggested that on contact with a bacteriophage, the pilus wouid retract, as a result of being depolymerized by a mechanism at. its base (21). Details of this model were extended by' Bradley (4) who suggested that after adsorption perhaps the viral RNAJa~ ejected onto the pilus.
The adsorpti.on of phage onto the pilus ,was thought to be a signal for depolymerization to begin. According' to the' model penetration of RNA into the cell was accomplished as depolymerization continued to take place at the base of the pilus.
Bradley suggested (5) A reduction of pili length was observed also on electron micro- ... with a lawn of PSIC, by the Soft Agar Overlay Method. Assays were carried out at 10 minute 'intervals 'for '60 min. This routine was fo1-lowed by an ~O min and a 120 min-assay .for phage 7s. .
"

One
Step Growth Curve Variations #1. The procedure as detailed above was followed except, starter cultures were grown without magnesium.
#2. The procedure was the same as described above since the starter culture was grown in the presence" of magnesium, however, the difference was that cells were grown to a higher density (approximately 5x1Q8 cells/ml) than mentioned earlier and centrifugation was carried out at 3,020 g for 10 min.
Stability of Phage 7s in Divalent Cations
Free phage 7s preparations were incubated at 37 C in magnesium free F Medium in the presence of the appropriate divalent cation at a concentration of 1 mM. Bacteriophage suspensions were diluted and assayed at time zero,' 1 hr, 3 hr and 18 hr by the Soft Agar Overlay
Method, using Pseudomonas aeruginosa as the bacterial lawn.
RESULTS
Pseudomonas aeruginosa strain Ie Viable Counts
A minimal medium for growth was desired since the effect of divalent cations could be detected more easily. Viable counts of Pseudomonas aeruginosa strain IC 'l';1ere assayed after growth in F media with (4xlO-4 M) and without MgS04' Viable counts (Fig. 1 ) from cultures grown in the absence of magnesium were very low indicating there was little cell growth.
Bacteriophage 7s Production in the Presence of Various Concentrations of Divalent Cations
Magnesium and calcium were shown to enhance bacteriophage 7s titers over that of input phage in,oculum of 1.7xlO 7 particles/ml.
Lysates of cultures containing manganese indicated a decrease in plaque forming units (PFU). While those grown in the presence of zinc appeared to remain constant. It was not possible to tell if the titers shown in Table I were from the effects of the cations or from an indirect result of magnesium starvation of the host cell.
The effect of various concentrations of magnesium ions on phage 7s infection of Pseudomonas aeruginosa are shown in Figure 2 . The optimum ma·gnesium concentration for this system is 1 roM magnesium. The possibility that the results plotted in Figure 2 . are due to cellular effects has not been investigated.
Since magnesium was found to be beneficial for growth of pseudomonas and to enhance 7s phage infection, magnesium was used in combination with calcium, manganese and zinc (Table II) . . . .--" 20  30  40  50  60  70  80  90   100 .TIME (Min) Table- III 'indicated that the time of addition of magnesium and mangan~se-had l~ttle effec:.t on_the final titer; so a second One
Step Growth Experiment was conducted.
The cells were grown wi;hout magnesium for the Figure 4 One Step Growth Curve. There was a loss of titer when the adsorption was conduc,ted in the presence of calcium, magnesium, zinc and in the, adsorption complex without a divalent cation., ,A loss of titer was not observed in the presence of manganese. This condition ma~ be due to phage 7s being more stable in the presence of 'manganese.
An experiment was-carried out to determine the stability of free phage in F Medium at 37 'c ( Figure 5 ). The data indicated that the stability of phage 7s in F Meaium,with various divalent -cations did not Several methods were tri~d in order to attempt to increase the efficiency of the One Step Growth ,Curve. Cells were separated from the growth £luids by filtration through a, 0.45, jJm inillipore filter. Cell e-e; MgS04, e---e; CaCI2. 0--0; MnS04, X-X; ZnS04, A-A.
, ,
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T;tME (Hrs) numbers, when assayed for viable counts before and after filtration, indicated a cell loss" of 50 to 70%.
Infected cells were separated ~rom unadsorbed phage by filtration through a 0.45 ~m millipore filter • . Occasionally, this method gave higher burst sizes than was realized when centrifugation at 4,340 g was used according to the One Step Growth Curve Experiment. The dilution method for unadsorbed phage separation was us~d"' also, and a loss of infected cells was observed, presumably due to reversible attachment.
It was found that the most effi~ient procedure.for this particular system required centrifugation at 3,020 g for 10 min although a cell loss of 7 to 10% was observed consistently. In order for adsorption to follow a first-order reaction an excess of bacteria was required. Therefore to obtain. a more efficient One'
Step Growth Experiment it was necessary to use larger bacterial cell nUmbers.
The system used, for the final One St;epGrbwth Experiment was one which provided an increase in bacterial cell numbers up to approximately 5xl0 8 cells/ml. For separation of cells from the infected cells, centrifugation at 3,020 g for 10 min was used.
Data reported in Pseudomonas aeruginosa strain lC system was needed in order to undertake future studies with this system. Therefore, as the topic of this thesis an investigation of divalent cation requirements was undertaken.
Pseudomonas aeruginosa strain lC, used for the bacteriophage progeny studies, was grown in the absence of magnesium. Cells were grown in a magnesium free medium in order to eliminate interference by magnesium with ions added experimentally. Contrary to expected results, the lack of magnesium in the growth medium introduced uncontrolled variables.
In this system magnesium starvation enhanced cellular autolysis.
Eagon (12) showed that pseudomonas cell wails contained magnesium.
Also, it was observed that pseudomonas magnesium starved cells develop blebs in the cell wall, which made the organism sensitive to lysis.
Webb (32) showed that rod shaped bacteria required magnesium for cell division. In the absence of magnesium cells elongated without demonstrating formation of a septum. Further effe~ts of magnesium starvation were shown by McCarthy to affect ribosome structure of E. coli. Ribosomes were degraded in magnesium starved cells; however, there was no apparent loss of viability. Perhaps cellular variables accounted for differences observed rather than effects due to cation requirements.
Under the conditions used, magnesium enhanced progeny production in a range of 8xl0-4 M to 8xlO-2 M magnesium ion concentration (Table   I , Fig. 2 ). Progeny were also produced in the presence of magnesium in the One
Step Growth Experiment (Fig. 6) . The time factor of cation addition before phage 7s infection (Table III) had an insignificant effect on progeny production; Calcium was shown (Table I) to cause a slight enhancement of phage 7s production when propagation was carried out in magnesium deficient F media. The calcium-magnesium combination of cations enhanced phage 7s progeny production (Table II) Manganese did not enhance phage 7s production when cells were grown in the presence of magnesium, as shown by the One Step Growth
Curve. These results were contrary to progeny production experiments, which were conducted in the presence of both magnesium and manganese.
Since bacterial cultures were grown initially in the absence of magnesium, the question of a cell physiological effect is one possibility to account for ~he high bacteriophage titer (Table II) .
Results obtained from the manganese experiment, where a cell physiological effect was suggested, might be explained on the basis of the E. coli magnesium transport system. Silver and Clark (26) showed
that manganese was a competitive inhibitor of the magnesium transport system of E. coli. When extracellular manganese concentration ranged from 2 to 5 mM, manganese was taken preferentially into the E. coli cell. Intracellular magnesium was displaced by manganese, at which tim2 magnesium was returned to the extracellular environment. Under such conditions manganese was shown to replace ribosomal magnesium.
The use of low cell numbers for viral infection meant there was a low number of sensitive cells available for infection. This correction was made by allowing cells to grow for a longer interval before infection.
Since it was difficult to achieve cell counts above 5x10S/ml under the conditions described it may have been.advisable to grow cells in a medium which was better suited for the needs of pseudomonads.
Other defects of the system could be linked to the five minute This was shown as cells which remained uninfected went through several synchroneous divisions. Weppleman hypothesized that the" sensitivity to phage PP7 before the division cycle was probably due to newly formed pili.
The low infectivity seen by Weppleman was demonstrated also in the present study with bacteriophage 7s (Fig. 6) • The maximum number of infected cells was approximately 0.12%, but a range of 0.15% to 3% infectivity was observed in several experiments.
The latent period of RNA bacteriophage 7s (Fig. 6 ) in F Media containing calcium was 30.min while in the presence of magnesium it was
